INTRODUCTION
The U.S. Preventive Services Task Force (USPSTF) recently released updated obesity guidelines that have the potential to provide the impetus for the U.S. primary care system to adequately address preventing, reducing, and managing the consequences of obesity. 1 However, evidence-based weight management strategies have not proven sustainable in realworld clinical practice, and few published primary care-based obesity treatment trials have yielded clinically significant, longterm outcomes. [2] [3] [4] [5] Evidence is particularly lacking for moderate intensity interventions, that may ultimately have the greatest potential for widespread reach and adoption in low-resource settings. 6 Furthermore, although behavioral and clinical hypertension management strategies have been widely tested and disseminated, hypertension control rates remain sub-optimal, particularly for medically vulnerable and obese patients. 7, 8 Patients who receive care in community health centers (CHCs) are particularly impacted by the limited availability of practical, evidence based obesity treatments. These patients have high rates of obesity 9, 10 and obesity-associat-ed conditions, [11] [12] [13] [14] particularly hypertension and cardiovascular disease, 15 and have been underrepresented in obesity trials. Evidence-based weight loss strategies are less effective in these populations. [16] [17] [18] [19] Finally, very little is known about the costs and cost-effectiveness (CE) of weight loss interventions for low-income populations.
We previously reported the findings from a pragmatic randomized controlled trial 20, 21 that demonstrated the effectiveness of a 2-year behavioral intervention that produced modest weight losses and improved blood pressure control among socioeconomically disadvantaged, high risk, primary care patients who receive care in CHCs. 22, 23 The Be Fit Be Well (BFBW) intervention is described in detail elsewhere, 22, 23 and was based on the RE-AIM framework, along with evidence-based eHealth technology approaches designed for population reach and implementation in resource poor settings and for low-literacy, inner city patients. 24, 25 The primary aim of this paper is to illustrate comprehensive and transparent costing methods, and to report costs for implementation and replication purposes associated with the BFBW intervention. The secondary aim is to estimate the costs of the program under different conditions and assumptions. 26, 27 METHODS AND PROCEDURES
Study Design
As described in detail elsewhere, 22, 23 the BFBW study was a two-arm, 24-month patient-randomized pragmatic trial conducted among 365 obese adult primary care patients with hypertension. The BFBW intervention was an evidence-based, moderate intensity, pragmatic intervention, 28, 29 designed to produce weight loss through the modification of obesogenic lifestyle behaviors. Participants received tailored behavior change goals and tailored "prescriptions" for weight-related behavior changes signed by their provider. Participants selfmonitored their adherence to those goals via their choice of Internet or automated telephone based reporting systems. Community health educators (CHEs) facilitated the intervention via 18 counseling phone calls and optional group meetings. All study protocols were fully approved by the Harvard School of Public Health institutional review board.
Participants were recruited between February 2008 and April 2009, from three urban CHCs that serve a predominately racial/ethnic minority patient population in Boston. Participants were required to have a body mass index (BMI) between 30 and 50 kg/m 2 and a weight less than 180 kg, use of one or more antihypertensive medication, be at least 21 years old, and have one or more medical visits in the 12 months before study entry and willingness to provide written informed consent. As noted in the CONSORT diagram in Fig. 1 , 180 subjects were randomized to the BFBW intervention arm and 185 to Usual Care (UC). Recruitment, participation rates, reasons for declining recruitment, and more detailed description of participant characteristics are presented in detail in Bennett et al. 23 As shown in Table 1 , the sample was low-income, largely African American or Latino, and had other chronic conditions in addition to obesity and hypertension.
Recruitment and Intervention Activities
Recruitment. Research staff conducted medical chart reviews to identify potential participants, and as described in Greaney et al., 22 recruiting and enrolling 365 subjects into the BFBW program required multiple phone calls and contacts by bilingual project staff and an off-site call center, as well as several trips to the CHCs. Staff resources were also used to contact primary care physicians for approval of participants with a history of diabetes or cardiovascular disease.
Intervention. Intervention activities associated with the BFBW program were primarily associated with eHealth technology monitoring and support, print support materials, mailing supplies, and the personnel needed for counseling calls and group sessions. BFBW eHealth technology options included the study website and interactive voice response (IVR) systems. Participants picked intervention modality-either web or print plus IVR. The print plus IVR condition allowed participants to track their behavioral goals on a paper log and enter information weekly via IVR. Both systems tracked participant use and provided real-time tailored feedback associated with participants' goals and self-monitoring data.
Community health educators (CHEs) were hired and trained in principles of motivational interviewing, and were certified at baseline, re-certified annually, and received weekly supervision throughout the study. The CHEs role included providing 18 counseling calls-monthly the first year of the intervention, then bi-monthly the second year. Each call lasted approximately 15-20 min. Consistent with the protocol, research staff could make up to 14 attempts to contact each participant over a 2-week period. An optional 90-minute group session was offered bi-monthly (12 in total over a 2-year period), facilitated by one of the trained study CHEs.
Usual Care. Participants in the UC arm of the intervention received the "Aim for a Healthy Weight" self-help booklet 30 that is available without charge, to individuals and clinicians. No other study resources were directed toward the UC arm.
Clinical Outcome Measures
Change in body weight (kg) was the primary outcome; change in systolic blood pressure (SBP; mmHg) was considered a secondary outcome. Complete descriptions of the trial design and results are published in Greaney et al. 22 and Bennett et al. 23 In brief, trained research staff administered a computer-based questionnaire and collected anthropometric and blood pressure measurements at baseline and 6, 12, 18, and 24 months post-baseline, and intent- to-treat analyses were used to assess the mean difference in weight and SBP between treatment arms at 24 months, after adjusting for gender and health center. As described in detail elsewhere (http://archinte.jamanetwork.com/data/ Journals/INTEMED/23009/IOI120001_supp.pdf), after adjusting for sex and health center, changes in outcomes were estimated with mixed effects regression models. All 365 participants are included in the primary outcomes analysis, including 15 (4 %) participants who only had a baseline assessment. Participants with missing visits are treated as missing at random. We also compared the difference in weight and SBP over the 24-month study period between arms, estimated by the area under the curve (AUC) defined by: AUC = mean (all available weights at 6-, 12-, 18-, and 24-months) minus baseline weight. 31 
Personnel Cost Measures
Using methods employed in several of our previous studies, and consistent with an activity accounting model method, 32 we created a detailed accounting system that captured all implementation-and recruitment-attributable costs for the 24-month long BFBW program. 26, 27, 33 Consistent with instruments described in Ritzwoller et al., 26 tailored costcapture templates that were based on study staff responsibilities and relevant task categories were used to capture personnel time. The staff edited or altered these templates to capture the tasks in which they were involved, and these tasks were recorded as hours spent by each individual staff member. Data from the templates were updated and analyzed monthly. To establish consistency in wage rates across different sites, we utilized 2009 data from the Bureau of Labor Statistics (BLS). 34 Work units were recorded as hours, and were transformed into the corresponding dollar amounts based on a unit cost measure of hourly wages derived from the specific job classification of each staff person (e.g., community health educator, administrative assistant, etc.) and type of task the staff person was performing (e.g., telephone calls, emails, etc.). Labor cost estimates also included a 33 % fringe benefit rate.
Non-Personnel Cost Measures
We tracked other intervention-related expenses, including for mailing supplies, printing materials (including translation costs), and other project-related costs. We excluded expenses that dealt with development of the intervention interactive voice response (IVR) and website systems, assessment and data collection, and other research-related activities that would not be replicated if the study were continued at the CHCs or implemented in another setting.
Recruitment and Intervention Cost Estimation
We estimated costs from a CHC perspective. Using 2009 wages and prices, we estimated total recruitment and intervention costs, excluding any captured costs related to development or research. Given that no intervention resources were directed toward the UC condition, incremental intervention costs associated with all months of the BFBW program relative to UC were considered to be the intervention related costs. We calculated the costs per participant and estimated the marginal costs of the BFBW program per incremental improvement in the weight and blood pressure outcomes from the trial results as reported by Bennett et al. 23 
Varied Assumptions
Based on observations from the trial associated with plausible changes to the program 23 that could be employed in other settings, we recalculated the costs with the following alternative assumptions: use of electronic medical records to identify potentially eligible obese patients with hypertension (reduction in recruitment costs), increasing the intervention population from 180 to 5,000 participants, and dropping the optional group sessions (due to the low attendance rate of participants). We did not consider dropping other intervention components because we cannot predict how doing so could impact outcomes. Table 2 provides details of recruitment, and intervention costs associated with the BFBW program. The overall costs for the 2-year long intervention program were $424,624 or an average of $2,354 per intervention participant ($2,182 excluding recruitment costs). Recruitment costs amounted to over $31,700 or about 8 % of the overall costs. The primary source of recruitment costs were overhead (cost not directly attributable to patient contacts), phone calls to potential participants-including missed phone calls-and travel time to and from the community health centers, respectively. The primary costs for delivering the intervention came from labor costs of participant phone calls, totaling $71,265. The next most expensive cost category was for project related meetings and intervention preparation ($70,543), which included a significant amount of time with community health center staff. Printed material was a significant component of the intervention, but comprised only $5,591 in project related costs.
RESULTS

Recruitment and Intervention Costs
It was challenging to accurately estimate the computer and IVR costs for the project, partially because the Webbased program was largely adapted from prior work; 28 and the fact that the IVR contract included costs for piloting, implementation, quality control, data transfer and overhead costs that did not vary by the number of users. We conservatively estimated that only the latter three categories would be needed for replication of the intervention, so the combined eHeath Technology cost (for both Web and IVR) was estimated at $32,499.
Primary Outcomes and Costs
The primary intervention results are summarized in Table 3 and presented in detail in the main outcome paper. 23 In brief, the intervention was moderately, but significantly more effective than the usual care condition for both primary outcome of weight loss and secondary outcome of blood pressure reduction. Intervention participants had greater 24-month weight losses compared to those receiving usual care (difference: −1.03kg; 95 % CI −2.03, −0.03). Additionally, the intervention promoted larger mean weight losses over 24 months relative to usual care (AUC difference: −1.07 kg (95 % CI −1.94, −0.22). With respect to blood pressure changes, in AUC analyses including data from months 12 through 24, intervention participants had larger mean SBP changes than usual care (AUC difference: −3.8 mmHg; 95 % CI −6.9, −0.7), but not DBP (−0.1 mmHg; 95 % CI −2.9, 1.1). Employing an intent-totreat perspective, and including only intervention costs, as noted in Table 4 , the incremental cost per kg lost at 24 months was $2,040 per kg and $574 per mmHg of systolic blood pressure reduction.
Costs Under Alternative Assumptions
Estimates of the costs per participant were found to vary, depending upon several factors, including recruitment methods, the number of targeted participants, and the exclusion of the optional group session. If eligible participants could be identified via electronic registries, we could eliminate the chart reviews and substantially reduce recruitment related letters and phone calls. Based on other projects involving electronic registries, 26, 33 we estimate it would take approximately 20 h of programmer time for data extraction and cleaning, for a total cost of $718. Recruitment costs could then be reduced by 29 % or by $22,522. If the optional group sessions were dropped, intervention costs would only decrease by less than 2 %. However, if we assume fixed costs associated with the eHealth technology component of the intervention, and economies of scale (i.e., they are not at capacity) across the other intervention inputs, we estimate that we could increase the number of participants to 5,000, for a total intervention cost of $2,183,000, or a reduction in per participant costs from $2,183 to $437.
DISCUSSION
The primary purpose of this article was to calculate the costs and the potential cost-effectiveness of the BFBW program, designed for a low literacy, inner city CHC population with obesity and hypertension. Cost is often the first question that potential adopters in low resource settings ask, and if the answer is not acceptable, the discussion often stops. A closely related question concerns the amount of staff and resource demands that a program makes. We documented several costs frequently omitted by many reports, but incurred by those who would adopt such programs, including costs of recruitment, training, delivery, supervision, travel, equipment, supplies, unsuccessful phone call attempts, etc. We estimated costs from the perspective of potential adopting clinics because these are the settings most likely to adopt-and pay for-an intervention such as BFBW. The BFBW program was designed to be efficient and minimally disruptive to primary care, and to leverage the CHC and patient relationships-primarily through ongoing contacts with CHEs. As described elsewhere, the program proved feasible in attracting a relatively high percentage of eligible patients, engaging them in the largely technology based intervention, and producing more weight loss and SBP reduction than the control condition. 23 Compared to other published literature related to the costs and cost-effectiveness of obesity treatment programs, the intervention costs of the BFBW appear to be relatively high. The estimated $2,040 per kg lost associated with the BFBW program is much higher than estimates of the three major commercial programs that have been evaluated in randomized studies-Jenny Craig® at $289-$383 per kg, Nutrisystem® $286-$306 per kg, and Weight Watchers® at $214 per kg. 35 However, none of these evaluations targeted minority or socioeconomically disadvantaged populations or used 2-year outcomes. 36, 37 While several internet-based studies have estimated lower cost per participant those estimated for BFBW, the targeted populations, the length of the intervention, and the methods used to estimate intervention costs differed significantly from this study. [37] [38] [39] [40] [41] In addition, the 2-year per-capita direct cost estimate associated with the Diabetes Prevention Program (DPP) lifestyle intervention (not including recruitment) was estimated in year 2000 dollars at $2,078. 41 This value is not inconsistent with our BFBW per-participant estimated costs in 2009 dollars, as noted in Table 4 , of $2,182. Employing a basic Consumer Price Index adjustment (http://www.bls.gov/cpi/ #tables), in 2009 dollars, the DPP per capita cost is estimated at $2,563. Our cost estimates are likely more comprehensive than those of most other behavioral intervention cost reports 26, [37] [38] [39] 41 because we closely monitored resources as the intervention program was delivered, rather than employing retrospective surveys 41 and included training, supervision and recruitment costs.
In November 2011, Medicare began reimbursing physicians $528-$748 (depending on geographic area) for up to 22 physician visits over a 12-month period (conditional on a 3 kg weight loss in the first 6 months) for intensive behavioral obesity counseling services. 42 However, the uptake and outcomes associated with this new covered benefit are unknown. In sum, the overall costs of $2,182 per participant for a two-year long intervention may be necessary, given the obesogenic environment and the intransigence of the obesity problem among such complex patients. 43 It is unclear whether or not the costs of BFBW could be reduced to levels that are competitive with commercial programs, yet still allow for the engagement of target populations with characteristics similar to those in BFBW. From the alternative assumptions based analyses noted above, if future implementation strategies could produce cost reductions through economies of scale, a focus on eHealth technologies, and the elimination of the optional group session, it may be possible to have costs approaching those of commercial programs. For health care centers where electronic medical records or registries are available to track subjects with elevated BMIs and blood pressures, additional cost savings could be found. Limitations of this report include the absence of costs from the participant perspective, 44 the absence of capture of medical care utilization and costs during the intervention period, that the absolute weight loss was modest, and the study was that results are limited to three community health centers in one inner city setting. Nevertheless, given the high risk of these patients, the duration of the program, the encouraging results on blood pressure, as well as the appeal and feasibility of the intervention, the BFBW program is worth further evaluation in different settings and conditions. Strengths of the report include the practical randomized design, 29 the intervention settings and population, the 24-month follow-up evaluation, and the inclusion of sensitivity analyses and transparent, comprehensive costing procedures. In conclusion, in light of the recent USPSTF recommendation that clinicians offer intensive multi-component behavioral interventions to obese patients with a BMI of 30kg/m2 or higher, we suggest that BFBW could be an excellent "minimal intervention needed for change" 45 that could be implemented.
